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(57) Abstract 

The patent discloses a membrane-style touch switch assembly (10) for controlling a device, the membrane-style touch switch including 
electroluminescent lighting (12) and being adapted to lead a person through a logical control sequence for control of the associated device. 
The touch switch assembly comprises a lower substrate (16) with one or more lower conductive elements, a spacer (15) which defines one 
or more apertures which are aligned with the lower conductive elements, an upper substrate (14) which has one or more upper conductive 
elements mounted or printed thereon, the upper conductive elements being adapted to be aligned with the apertures (61) in the spacer (15), 
an indicator layer (11) including indicator points, an electroluminescent layer (12) which illuminates one or more indicator points and a 
controller adapted to control the electrolumiates one or more indicator points and a controller adapted to control the electroluminescent layer 
such that the indicator points are illuminated in a sequence. The patent also discloses methods for making the membrane-style touch switch 
assembly and methods for leading an individual through a logical sequence to control a device associated with the touch switch assembly. 
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ELECTROLUMINESCENT TOUCH SWITCH 
Background of Invention 

A membrane-style touch switch assembly is commonly used in applications where a 
user is selecting the function for a piece of electrical equipment. The touch switch assembly 
operates such that the exertion of a hght mechanical force on an indicator point is sufficient 
to complete a specific electric circuit. Completion of the electric circuit in turn controls the 
electrical equipment in the manner directed as signified by the indicator point. 

In general the construction of a membrane-style touch switch includes a lower 
substrate with one or more conductors mounted or printed on it. A spacer with apertures 
separates the lower substrate and conductors from an upper flexible substrate, which also has 
conductors mounted or printed on it. The upper conductors are each aligned with a 
corresponding lower conductor. The upper and lower conductors are separated by an air gap, 
which corresponds to one of the apertures in the spacer. Typically an indicator layer with 
graphics is mounted on the upper flexible substrate. Frequently the graphics signify touch 
keys or indicator points, which are ahgned with the upper and lower conductors. The 
indicator points can specify particular functions of the electrical appHance. Pressure appHed 
to the indicator layer on an indicator point and therefore to the upper flexible substrate will 
act to push an upper conductor and a corresponding lower conductor together. This contact 
closes an electric circuit, which produces the specified function from the appliance. 

Recently light emitting diodes (LEDs) have been introduced to membrane-style touch 
switches. LEDs were introduced in the interest of making the graphical displays more 
instructional and user- friendly. An LED can be associated with a specific indicator point and 
mounted to the indicator layer or within the air gap. The touch switch assembly can be 
programmed so that the LED illuminates an individual indicator point or a group of indicator 
points to indicate to a user how to proceed in keying commands into the appliance. 

The difficulties with the use of LEDs in membrane-style touch switch assemblies is 
that the can add significant manufacturing restraints. The use of LEDs in the switch 
assembly means that some bulk is necessarily added to the assembly. While 
electroluminescent lamps are flat, LEDs require wiring and fixturing. In addition, LEDs can 
be damaged or broken by the pressure applied in membrane-style touch switches. Further the 
production of membrane touch switch assemblies which include LEDs can be costly. 
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Summary of the Invention 

The present invention is directed to a membrane-style touch switch assembly with an 
integrated electroluminescent lamp layer. The invention is particularly directed to the use of 
electroluminescent lamps in membrane-style touch switch assemblies to provide a display 
which is instructional and user friendly by providing illumination designed to lead a user 
through the process of operating the equipment associated with the touch switch. 

Broadly, the assembly includes a lower substrate, which has conductive elements 
printed or mounted thereon. A spacer, which defines several apertures, is attached with the 
lower substrate. Each of the apertures is aligned with a conductive element. A flexible upper 
substrate with conductive elements printed on its lower side is attached with the spacer. 
When the upper substrate is attached with the spacer the upper conductive elements are 
aligned with the apertures and therefore with the lower conductive elements. The use of a 
spacer with apertures means there is an air gap between the upper conductive elements and 
the corresponding lower conductive elements. 

A flexible electroluminescent layer is attached with the flexible upper substrate. A 
flexible indicator layer, which includes graphics, is attached to the flexible 
electroluminescent layer. The indicator layer defines specific indicator points. When 
pressure is applied by, for example, a fingertip to an indicator point, the indicator layer, 
electroluminescent layer and flexible upper substrate flex and the air gap between one of the 
upper and lower conductive elements is closed. This completes a circuit. 

The electroluminescent lighting is designed such that one pixel is associated with one 
indicator point on an indicator layer, or one group of indicator points one the indicator layer. 
As such, a pixel in the electroluminescent lamp layer can be used to light a specified indicator 
point or group of indicator points. The electroluminescent layer is programmed to lead a user 
through the process necessary to use the appliance or equipment associated with the touch 
switch. 

A digital circuit can be incorporated directly into the touch switch so that the logical 
control sequence for a particular application is highlighted for the person who is attempting to 
use the device. This delivers software- like menu control to the user, without resorting to 
putting a costly computer display into the device. 
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A significant benefit of using electroluminescent lighting to illuminate the membrane- 
style touch switch assembly is that the electroluminescent layer is flexible in itself. As a 
result very little space is required to include the lighting layer and it can be attached to the 
upper conductive substrate. The electroluminescent lighting will not be damaged by 
mechanical pressure causing it to flex. The membrane switch can be evenly illuminated 
while still having mechanical distortion capabilities. 

Another benefit is in the cost of production. While LED lighting for a touch switch 
must be produced independently and then added to the membrane-style touch switch 
assembly, the electroluminescent layer and the touch switch assembly can be produced 
concurrently. 

Brief Description of the Drawings: 

The invention will be better understood by reference to the appended figures in which 

Figure 1 shows an assembly of an embodiment of the electroluminescent membrane- 
style touch switch of the present invention showing all layers in exploded view. 

Figure 2 shows a top view of an embodiment of the indicator layer, showing indicator 

points. 

Figure 3 shows a dimensional drawing of an embodiment of the electroluminescent 
lamp layer. 

Figure 4 shows a top view of an embodiment of an overlay adhesive layer. 

Figure 5 shows a top view of an embodiment of the upper substrate with conductive 
elements. 

Figure 6 shows a top view of an embodiment of the switch spacer. 

Figure 7 shows a top view of an embodiment of the lower substrate with conductive 
elements 

Figure 8 shows a top view of an embodiment of a mounting adhesive layer. 

Figures 9 through 1 8 illustrate the touch switch illumination process for an 
embodiment of the invention. 

-3 - 
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Detailed Description of the Invention 

The assembly and method of production for an embodiment of the invention are 
described in the following paragraphs and illustrated in the appended figures. In one 
embodiment, the membrane-style touch switch assembly comprises multiple layers. 

Lower substrate 

The lower substrate 16 is shown in Fig. 7. It is typically composed of heat stabilized 
polyester or a similar material. The temperatures usually utilized for the manufacture of 
electroluminescent lamps means that heat stabilized materials are useful in this layer. A 
number of conductive elements 71 are printed on the top side of the lower substrate 16 with 
conductive ink. 

Spacer 

The switch spacer 15, shown in Fig. 6, defines a number of apertures 61 such that 
each aperture 61 will lie over one of the conductive elements 71 on the lower substrate 16 
once the switch spacer 15 lies across the lower substrate 16. 

Upper substrate 

The upper substrate 14 is illustrated in Fig. 5. It is a requirement that the upper 
substrate be flexible. It is typically composed of heat stabilized polyester or a similar 
material. A number of conductive elements 5 1 are printed on the bottom side of the upper 
substrate 14. The conductive elements 51 are printed such that when the upper substrate 14 
lies over the spacer 15 and the lower substrate 16 each of the upper conductive elements 5 1 
correspond to and are aligned with an aperture 61 in the spacer and therefore with a lower 
conductive element 71 . Thus the upper and lower conductive elements are separated by the 
aperture in the spacer. Pressure on the flexible upper substrate 14 at the position of an upper 
conductive element 5 1 will bring that upper conductive element 5 1 into contact with a lower 
conductive element 7 1 . 

The top side of the upper substrate 14 can be printed with conductive ink in order to 
shield from electrostatic discharge. 
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Electroluminescent Lamp Layer 

The electroluminescent lamp layer 12 is shown in Fig. 3. 

The electroluminescent lamp layer 12 is flexible. It is comprised of one or more 
typical planar electroluminescent lamps such as the one described in U.S. Application No. 
08/910,724, entitled ELECTROLUMINESCENT LAMP DESIGNS which is commonly 
owned by the assignee of the subject application and incorporated herein by reference. 

One type of lamp which can be used is the laminar style lamp as described in U.S. 
Application No. 08/910,724. Generally, these laminar style lamps include first and second 
electrically conductive layers and an electroluminescent material disposed between the first 
and second conductive layers. In the present invention the first electrically conductive layer 
includes a plurality of openings separated by electrically conductive elements. The laminar 
style lamps may optionally include a translucent or transparent electrically conductive layer 
in electrical contact with the first conductive layer. In the embodiment that does not include 
the translucent or transparent electrically conductive layer, it is preferred that at least one of 
the openings in the first conductive layer has a minimum edge to edge distance of less than 
about 0.005 inches. In preferred embodiments of the invention, the first conductive layer 
includes rectangular or hexagonal shaped openings. In another preferred embodiment, at least 
a portion of one of the electrically conductive elements separating the openings in the first 
conductive layer has a width of less than about 0.002 inches. If the lamp includes a 
translucent or transparent electrically conductive material layer, it is preferred that this layer 
is made of particles of electrically conductive material suspended in a matrix. 

Another embodiment of the invention could include one or more iso-planar lamps as 
described in U.S. Application No. 08/910,724. Such lamps include an electrically conductive 
layer divided into two or more electrically conductive elements by one or more channels. The 
lamps also include an electroluminescent material, which at least partially fills a portion of 
the one or more channels or at least partially covers a portion of the two or more electrically 
conductive elements. It is preferred that the iso-planar lamps include two conductive 
elements, which may be fabricated in a wide variety of shapes including inter-digitated comb- 
like structures, and circular and rectangular interleaved spiral structures. 
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The lamp layer 12 will typically comprise a plurality of independently addressable 
picture elements or pixels. Each pixel would be made to correspond to one set of upper and 
lower conductive elements and would be able to be independently controlled by, for example, 
a digital circuit, which can be incorporated directly into the touch switch. The digital circuit 
controls the electroluminescent lamp 12 in such a way that the logical control sequence for a 
particular appHcation is highlighted for the person who is attempting to use the device. 

Indicator layer 

The indicator layer 1 1 is shown in Fig: 2. This layer is flexible and contains the 
graphics and icons that show a user how to control the appliance, for example. The graphics 
would vary according to the appliance or equipment associated with the touch switch. The 
indicator layer 1 1 graphically defines specific indicator points 21, which designate a 
particular command or function of the electrical equipment being controlled. Each indicator 
point 21 typically will correspond to one set of upper conductive elements 5 1 and lower 
conductive elements 71 . Each pixel on the electroluminescent layer would typically be used 
to illuminate one indicator point 21 . Thus one indicator point 21 or one group of indicator 
points 2 1 is illuminated to direct the user as to which indicator point 2 1 should be pressed. 
Pressure on the indicator point 21 causes the indicator layer 1 1 to flex at that point, further 
causing the electroluminescent layer 12 and the upper flexible substrate 14 to flex at that 
point, closing the air gap between an upper conductive element 51 and a lower conductive 
element 71 at that point and therefore closing the circuit. 

The indicator layer 1 1 could alternately be printed directly onto the electroluminescent layer. 
Adhesive layers 

Adhesive can be used to fixedly attach the layers together and to mount the membrane-style 
touch switch on the electrical equipment. 

Assembly 

The assembly of the entire electroluminescent membrane-style touch switch is shown in Fig. 
1 . At the top the indicator layer 1 1 which graphically defines indicator points is attached 
with the electroluminescent layer 12. A layer of adhesive 13 attaches the electroluminescent 
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layer with the top side of the upper substrate 14. The spacer 15 layer lies between the lower 
side of the upper substrate 14 on which conductive elements 5 1 are printed or mounted, and 
the upper side of the lower substrate 16 on which conductive elements 71 are printed or 
mounted. Adhesive is used to mount the entire assembly to the electrical equipment it 
controls. 

Instructional Aspect of Touch Switch 

Figures 9 through 1 8 illustrate an embodiment of the touch switch showing a 
sequence for illuminating a touch switch designed for use in, for example, a factory. The 
shaded indicator points are not illuminated while the unshaded indicator points are 
illuminated. The sequence shown leads the user to hit 'Begin', Figure 9, and then enter the 
ID number of the part they are making in Figure 10. The process continues with the user 
entering the job number. Figure 1 1, the design, Figure 12, the material, Figure 13, the 
quantity, Figure 14, the color. Figure 15 and hitting start. Figure 16. In Figure 17, the 
equipment associated with the touch switch is in operation and the options available are stop 
and resume. Figure 18 shows the keypad after the process is completed. 

Each touch switch and associated digital circuit can be designed in a way that reflects 
the functions that are relevant to controlling a particular application. For example, in a 
microwave key pad, upon the door being closed the electroluminescent layer would 
illuminate the power level button. Upon the power level button being pressed the 
electroluminescent layer would illuminate the power settings. Upon a power setting being 
selected the electroluminescent layer would illuminate the numbers to set a time. Upon the 
time being entered the electroluminescent layer would illuminate the start button which 
would start the microwave. A washing machine touch switch, for example, would have a 
different set of icons and a different sequence for the electroluminescent layer than, say, a 
microwave oven touch switch. 

In a method for producing a membrane-style touch switch assembly the following 
steps are performed. 

(i) printing one or more conductors on an upper side of a lower substrate 16; 

(ii) printing one or more conductors on a lower side of an upper substrate such that 
each of the conductors on the upper substrate corresponds with a conductor on the lower 
substrate 16; 
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(iii) printing conductive ink on an upper side of the upper substrate; 

(iv) sandwiching a spacer with apertures which correspond to the conductors on the 
upper substrate and the lower substrate 16 between the upper substrate and the lower 
substrate 16 such that every conductor on the upper substrate is separated from and aligned 
with a conductor on a lower substrate 16; 

(v) positioning an electroluminescent layer composed of one or more independently 
addressable pixels on top of the upper side of the upper substrate such that each pixel 
corresponds to and is aligned with a conductor on the upper substrate and a conductor on the 
lower substrate 16; 

(vi) positioning an indicator layer which includes designated indicator points above 
the electroluminescent layer such that each indicator point corresponds to and is aligned with 
a conductor on the lower layer and a conductor on the upper layer; 

(vii) programming a digital circuit or other controller to control the 
electroluminescent layer in such a way as to highlight the logical control sequence for a 
particular application; 

(viii) connecting the digital circuit or other controller with the membrane-style touch 

switch. 

A method for guiding a person in utilizing a device associated with a touch switch is 
also encompassed by the invention. In an embodiment of the invnetion the method comprises 
connecting a membrane-style touch switch with the device. The membrane style touch 
switch is adapted to control the device and includes indicator points relating to the control of 
the device. The membrane-style touch switch further includes electroluminescent lighting, 
which corresponds to at least some of the indicator points. The method of this embodiment 
of the invention also comprises leading the person utilizing the device through a logical 
sequence for controlling the device. This is performed by illuminating the membrane-style 
touch switch using the electroluminescent lighting in such a manner as to illuminate the 
indicator points in the particular sequence the person would follow in performing the logical 
control sequence for the device. 

The detailed description of the invention and the associated figures are intended to be 
illustrative only and do not define or limit the scope of the invention. The scope of the 
invention is defined by the appended claims and equivalents thereto. 
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We claim: 

1 . A membrane-style touch switch assembly comprising: 

a lower substrate which has a bottom side and a top side, one or more lower 
conductive elements being mounted or printed on the top side of the lower substrate; 

a spacer which defines one or more apertures which are adapted to be aligned with the 
lower conductive elements; 

an upper substrate which has a bottom side and a top side, one or more upper 
conductive elements being mounted or printed on the bottom side of the upper substrate, the 
upper conductive elements being adapted to be aligned with the apertures in the spacer; 

an indicator layer including indicator points; 

an electroluminescent layer comprising one or more independently addressable pixels, 
each independently addressable pixel in the electroluminescent layer being adapted to 
illuminate one or more indicator points; and, 

a controller adapted to control the electroluminescent layer such that the indicator 
points are illuminated in a sequence. 

2. The membrane- style touch switch described in claim 1, wherein the controller is a 
digital circuit incorporated directly into the touch switch. 

3. The membrane-style touch switch described in claim 1, wherein the touch switch is 
connected to a device and wherein the order in which the indicator points are illuminated 
highlights a logical control sequence the device. 

4. The membrane-style touch switch described in claim 1, further comprising one or 
more adhesive layers. 

5. The membrane-style touch switch described in claim 1, wherein the top side of the 
upper substrate is printed with conductive ink. 

6. A membrane-style touch switch assembly comprising: 

a lower substrate which has a bottom side and a top side, one or more lower 
conductive elements being mounted or printed on the top side of the lower substrate; 
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a spacer which defines one or more apertures which are adapted to be aligned with the 
lower conductive elements; 

an upper substrate which has a bottom side and a top side, one or more upper 
conductive elements being mounted or printed on the bottom side of the upper substrate, the 
upper conductive elements being adapted to be aligned with the apertures in the spacer, 
conductive ink being printed on the top side of the upper substrate; 

an indicator layer including indicator points; 

an electroluminescent layer comprising one or more independently addressable pixels, 
each independently addressable pixel in the electroluminescent layer being adapted to 
illuminate one or more indicator points; and, 

a digital circuit incorporated directly into the touch switch and adapted to control the 
electroluminescent layer such that the indicator points are illuminated in a sequence; 

wherein the touch switch controls a device and wherein the sequence in which the 
indicator points are illuminated highlights a process for controlling the device. 

7. A method for producing a membrane-style touch switch assembly comprising the steps 
of: 

printing one or more conductors on an upper side of a lower substrate; 
printing one or more conductors on a lower side of an upper substrate such that each 
of the conductors on the upper substrate corresponds with a conductor on the lower substrate; 
printing conductive ink on an upper side of the upper substrate; 

sandwiching a spacer with apertures which correspond to the conductors on the upper 
substrate and the lower substrate between the upper substrate and the lower substrate such 
that every conductor on the upper substrate is separated from and aligned with a conductor on 
a lower substrate; 

positioning an electroluminescent layer composed of one or more independently 
addressable pixels on top of the upper side of the upper substrate such that each pixel 
corresponds to and is aligned with a conductor on the upper substrate and a conductor on the 
lower substrate; 

positioning an indicator layer which includes designated indicator points above the 
electroluminescent layer such that each indicator point corresponds to and is aligned with a 
conductor on the lower layer and a conductor on the upper layer; 

programming a controller to control the electroluminescent layer such that the 
electroluminescent layer illuminates selected indicator points in a sequence; and. 
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connecting the controller with the membrane-style touch switch assembly. 

8. The method described in claim 1, wherein the controller is a digital circuit. 

9. The method described in claim 7, wherein the sequence is adapted to highlight the 
logical control sequence for a particular application. 

10. A method for guiding a person in utilizing a device, the method comprising: 
connecting a membrane-style touch switch with the device, the membrane style touch 

switch being adapted to control the device, the membrane-style touch switch including 
indicator points relating to the control of the device, the membrane-style touch switch further 
including electroluminescent lighting, the electroluminescent lighting corresponding to at 
least some of the indicator points; and, 

leading the person through a logical sequence for controlling the device by 
illuminating the membrane-style touch switch using the electroluminescent lighting in such a 
manner as to illuminate in a sequence the indicator points the person would touch in 
following the logical control sequence for the device. 
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